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0   Optical  system  capable  of  correcting  image  position. 

0   An  optical  system  includes  a  front  group  (GF)  which  is  fixed  in  position  in  a  direction  substantially 
perpendicular  to  an  optical  axis,  and  a  rear  group  (GR)  which  has  a  positive  refractive  power  and  is  movable  in 
the  direction  substantially  perpendicular  to  the  optical  axis.  The  optical  system  satisfies: 

1.45  <  n1  <  1.64 
Q2<v^  <  78 

where  n1  is  the  refractive  index  of  an  optical  member  (L1),  located  at  a  position  closest  to  the  object  side,  of 
optical  members  constituting  said  front  group,  and  ?1  is  the  Abbe's  number  of  said  optical  member  (L1). 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

5  The  present  invention  relates  to  an  optical  system  capable  of  correcting  an  image  position  and,  more 
particularly,  to  an  objective  lens  system  suitable  for  SLR  cameras  (Single-Lens  Reflex  cameras),  electronic 
cameras,  and  video  cameras. 

Related  Background  Art 
10 

In  the  present  specification,  an  operation  for  correcting  any  variation  of  an  image  position  caused  by  a 
focusing  operation,  a  camera  shake,  or  the  like  by  displacing  a  predetermined  lens  group  in  a  direction 
substantially  perpendicular  to  the  optical  axis  will  be  referred  to  as  "image  position  correction". 

As  a  conventional  optical  system  capable  of  correcting  an  image  position  of  this  type,  an  optical  system 
75  disclosed  in  U.S.  Patent  No.  4,978,205  is  known.  In  the  optical  system  disclosed  in  U.S.  Patent  No. 

4,978,205,  an  optical  member  closest  to  the  object  side  consists  of  an  anamalous  dispersion  glass  (ED 
glass)  material.  Since  the  ED  glass  material  is  soft,  a  surface,  closest  to  the  object  side,  of  the  optical 
system  is  undesirably  easily  damaged. 

20  SUMMARY  OF  THE  INVENTION 

It  is,  therefore,  an  object  of  the  present  invention  to  provide  an  optical  system  capable  of  correcting  an 
image  position,  which  can  prevent  the  surface,  closest  to  the  object  side,  of  the  optical  system  from  being 
easily  damaged,  and  has  high  durability  and  high  imaging  performance. 

25  In  order  to  achieve  the  above-mentioned  object,  an  optical  system  capable  of  correcting  an  image 
position  according  to  an  aspect  of  the  present  invention  comprises,  in  the  following  order  from  the  object 
side: 

a  front  group  which  is  fixed  in  position  in  a  direction  substantially  perpendicular  to  the  optical  axis;  and 
a  rear  group  which  has  a  positive  refractive  power  and  is  movable  in  the  direction  substantially 

30  perpendicular  to  the  optical  axis. 
The  optical  system  satisfies: 

1.45  <  n1  <  1.64 
62<p-\  <  78 

35 
where  n1  is  the  refractive  index  of  an  optical  member,  closest  to  the  object  side,  of  those  constituting  the 
front  group,  and  ?1  is  the  Abbe's  number  of  the  optical  member. 

As  described  above,  according  to  the  present  invention,  the  optical  system  comprises,  in  the  following 
order  from  the  object  side,  a  front  group  GF  which  is  fixed  in  position  in  the  direction  substantially 

40  perpendicular  to  the  optical  axis,  and  a  rear  group  GR  which  has  a  positive  refractive  power  as  a  whole,  and 
is  movable  in  the  direction  substantially  perpendicular  to  the  optical  axis,  and  corrects  the  image  position  by 
moving  the  rear  group  GR  in  the  direction  substantially  perpendicular  to  the  optical  axis. 

An  optical  member  L1,  closest  to  the  object  side,  of  the  front  group  GF  consists  of  an  optical  glass 
material  which  is  not  easily  damaged,  and  is  advantageous  in  aberration  correction,  thereby  improving 

45  durability  while  maintaining  high  imaging  performance.  More  specifically,  the  optical  member  L1  ,  closest  to 
the  object  side,  of  the  front  group  GF  satisfies  conditional  formulas  (1)  and  (2)  below: 

1.45  <  n1  <  1.64  (1) 
62  <  v\  <  78  (2) 

50 
where 

n1  :  the  refractive  index  of  the  optical  member  L1  ,  closest  to  the  object  side,  of  the  front  group  GF 
?1  :  the  Abbe's  number  of  the  optical  member  L1  ,  closest  to  the  object  side,  of  the  front  group  GF 

Note  that  the  optical  member  L1,  closest  to  the  object  side,  of  the  front  group  GF  consists  of  an  optical 
55  glass  material,  and  the  values  of  the  refractive  index  n1  and  the  Abbe's  number  ?1  of  this  optical  glass 

member  are  those  for  the  d-line  (X  =  587.6  nm). 
When  n1  is  smaller  than  the  lower  limit  value  of  conditional  formula  (1),  the  refractive  index  n1  of  the 

optical  member  L1  becomes  too  small,  and  an  ED  glass  lens  must  be  used  for  satisfactorily  correcting  the 
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chromatic  aberration.  For  this  reason,  such  small  n1  is  not  preferable  since  it  is  contrary  to  the  improvement 
of  durability  as  the  object  of  the  present  invention. 

On  the  contrary,  when  n1  exceeds  the  upper  limit  value  of  conditional  formula  (1),  the  partial  dispersion 
ratio  tends  to  become  large,  and  it  becomes  difficult  to  correct  the  second-order  chromatic  aberration  if  the 

5  optimal  member  L1  has  a  large  partial  dispersion  ratio.  Thus,  such  large  n1  is  not  preferable. 
When  ?1  is  smaller  than  the  lower  limit  value  of  conditional  formula  (2),  the  partial  dispersion  ratio  tends 

to  become  large  as  in  the  case  wherein  n1  exceeds  the  upper  limit  value  of  conditional  formula  (1),  and  it 
becomes  difficult  to  correct  the  second-order  chromatic  aberration  if  the  optimal  member  L1  has  a  large 
partial  dispersion  ratio.  Such  small  ?1  is  not,  therefore,  preferable. 

io  As  an  optical  member  with  ?1  which  exceeds  the  upper  limit  value  of  conditional  formula  (2),  only  ED 
glass  and  fluorite  are  currently  available.  For  this  reason,  such  large  ?1  is  not  preferable  since  it  is  contrary 
to  the  improvement  of  durability  as  the  object  of  the  present  invention. 

In  order  to  further  improve  imaging  performance,  the  optical  member  L1  ,  closest  to  the  object  side,  of 
the  front  group  GF  comprises  a  lens,  and  preferably  satisfies  conditional  formulas  (3)  and  (4)  below: 

15 
0.2  <  |f  1  |/F  <  2  (3) 

-1  <  q  <  3  (4) 

where 
20  f  1  :  the  focal  length  of  the  lens  L1 

F:  the  focal  length  of  the  entire  optical  system 
q:  the  shape  factor  of  the  lens  L1 

Note  that  the  shape  factor  q  of  the  lens  L1  is  expressed  by  equation  (a)  below: 

25  q  =  (r2  +  r1)/(r2  -  r1)  (a) 

where  r1  is  the  radius  of  curvature  of  a  surface,  on  the  object  side,  of  the  lens  L1  ,  and  r2  is  the  radius  of 
curvature  of  a  surface,  on  the  image  side,  of  the  lens  L1  . 

When  |f1|/F  is  smaller  than  the  lower  limit  value  of  conditional  formula  (3),  the  focal  length  f1  of  the  lens 
30  L1  becomes  too  small,  and  it  becomes  difficult  to  correct  the  chromatic  aberration  unless  an  ED  glass  lens 

is  used.  For  this  reason,  such  small  |f1|/F  is  not  preferable. 
On  the  contrary,  when  |f1|/F  exceeds  the  upper  limit  value  of  conditional  formula  (3),  the  focal  length  f1 

of  the  lens  L1  becomes  large,  and  the  refraction  effect  as  a  lens  becomes  too  small,  resulting  in,  e.g.,  an 
increase  in  total  lens  length.  For  this  reason,  such  large  |f1|/F  is  not  preferable,  either. 

35  When  q  is  smaller  than  the  lower  limit  value  of  conditional  formula  (4),  the  astigmatism  becomes  large. 
Such  small  q  is  not,  therefore,  preferable. 

On  the  contrary,  when  q  exceeds  the  upper  limit  value  of  conditional  formula  (4),  the  curvature  of  a 
spherical  aberration  becomes  large,  and  such  large  q  is  not  preferable,  either. 

Furthermore,  in  order  to  further  improve  imaging  performance  upon  image  position  correction,  a  lens 
40  L2,  closest  to  the  object  side,  of  the  rear  group  GR  preferably  satisfies  conditional  formula  (5)  below: 

-2  <  Q  <  1  (5) 

where 
45  Q:  the  shape  factor  of  the  lens  L2 

Note  that  the  shape  factor  Q  of  the  lens  L2  is  expressed  by  equation  (b)  below: 

Q  =  (R2  +  R1)/(R2  -  R1)  (b) 

50  where  R1  is  the  radius  of  curvature  of  a  surface,  on  the  object  side,  of  the  lens  L2,  and  R2  is  the  radius  of 
curvature  of  a  surface,  on  the  image  side,  of  the  lens  L2. 

When  Q  is  smaller  than  the  lower  limit  value  of  conditional  formula  (5),  the  spherical  aberration  in  the 
rear  group  GR  itself  as  an  image  position  correction  group  becomes  large,  and  the  flare  increases  upon 
image  position  correction.  For  this  reason,  such  small  Q  is  not  preferable. 

55  On  the  contrary,  when  Q  exceeds  the  upper  limit  value  of  conditional  formula  (5),  the  astigmatism  in  the 
rear  group  GR  itself  as  an  image  position  correction  group  becomes  large,  and  asymmetricity  of  the 
imaging  characteristics  becomes  large  upon  image  position  correction.  For  this  reason,  such  large  Q  is  not 
preferable,  either. 
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Furthermore,  in  order  to  make  compact  an  image  position  correction  mechanism  for  driving  the  rear 
group  GR  as  an  image  position  correction  group  in  the  direction  substantially  perpendicular  to  the  optical 
axis,  the  rear  group  preferably  satisfies  conditional  formula  (6)  below: 

5  0.05  <  4>a/F  <  0.15  (6) 

where 
4>a:  the  average  value  of  the  effective  diameters  of  lens  surfaces  in  the  rear  group  GR 

When  <£a/F  is  smaller  than  the  lower  limit  value  of  conditional  formula  (6),  the  average  value  of  the 
io  effective  diameters  of  the  lens  surfaces  in  the  rear  group  GR  becomes  too  small,  the  refractive  power 

arrangement  in  the  front  group  GR  becomes  an  extreme  telephoto  type  arrangement,  and  the  front  group 
cannot  be  constituted  by  a  small  number  of  lenses.  For  these  reasons,  such  small  <£a/F  is  not  preferable. 

On  the  contrary,  when  <£a/F  exceeds  the  upper  limit  value  of  conditional  formula  (6),  the  average  value 
of  the  effective  diameters  of  the  lens  surfaces  in  the  rear  group  GR  becomes  too  large,  and  the  image 

is  position  correction  mechanism  becomes  bulky.  For  these  reasons,  such  large  <£a/F  is  not  preferable. 
As  for  the  focusing  operation,  the  front  group  GF  is  constituted  by,  in  the  following  order  from  the  object 

side,  a  positive  lens  group  having  a  positive  refractive  power,  and  a  negative  lens  group  having  a  negative 
refractive  power,  and  the  focusing  operation  is  attained  by  moving  the  negative  lens  group  along  the  optical 
axis.  In  this  manner,  when  the  focusing  operation  is  attained  by  moving  the  lens  group  in  the  front  group  GF 

20  along  the  optical  axis,  a  focus  group  which  moves  along  the  optical  axis  to  attain  the  focusing  operation, 
and  an  image  position  correction  group,  which  moves  in  the  direction  perpendicular  to  the  optical  axis  to 
attain  image  position  correction,  can  be  separated  from  each  other.  As  a  result,  it  is  advantageous  in 
arrangement  since  a  mechanical  interference  between  the  focus  mechanism  and  the  image  position 
correction  mechanism  can  be  avoided. 

25  When  the  rear  group  GR  is  utilized  not  only  for  correcting  the  variation  of  an  image  position  upon 
focusing  but  also  for  correcting  the  variation  of  an  image  position  caused  by  a  camera  shake  or  a  vibration 
of  a  vehicle  (i.e.,  caused  by  a  vibration  of  an  optical  system),  since  the  rear  group  GR  is  a  compact  image 
position  correction  group,  a  lens  barrel  as  a  final  product  can  be  rendered  compact. 

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  view  showing  the  arrangement  of  an  optical  system  capable  of  correcting  an  image  position 
according  to  the  first  embodiment  of  the  present  invention; 
Figs.  2A  to  2F  are  graphs  showing  various  aberrations  in  an  infinity  focusing  state  in  the  first 

35  embodiment; 
Figs.  3A  to  3F  are  graphs  showing  various  aberrations  in  a  closest-distance  focusing  state  in  the  first 
embodiment; 
Fig.  4  is  a  view  showing  the  arrangement  of  an  optical  system  capable  of  correcting  an  image  position 
according  to  the  second  embodiment  of  the  present  invention; 

40  Figs.  5A  to  5F  are  graphs  showing  various  aberrations  in  an  infinity  focusing  state  in  the  second 
embodiment; 
Figs.  6A  to  6F  are  graphs  showing  various  aberrations  in  a  closest-distance  focusing  state  in  the  second 
embodiment; 
Fig.  7  is  a  view  showing  the  arrangement  of  an  optical  system  capable  of  correcting  an  image  position 

45  according  to  the  third  embodiment  of  the  present  invention; 
Figs.  8A  to  8F  are  graphs  showing  various  aberrations  in  an  infinity  focusing  state  in  the  third 
embodiment;  and 
Figs.  9A  to  9F  are  graphs  showing  various  aberrations  in  a  closest-distance  focusing  state  in  the  third 
embodiment. 

50 
DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  embodiments  of  the  present  invention  will  be  described  hereinafter  with  reference  to  the  accom- 
panying  drawings. 

55  In  each  of  the  embodiments,  an  optical  system  capable  of  correcting  an  image  position  according  to  the 
present  invention  comprises,  in  the  following  order  from  the  object  side,  a  front  group  GF  which  is  fixed  in 
position  in  a  direction  substantially  perpendicular  to  the  optical  axis,  and  a  rear  group  GR  which  has  a 
positive  refractive  power  as  a  whole  and  is  movable  in  the  direction  substantially  perpendicular  to  the 
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optical  axis,  and  attains  image  position  correction  by  moving  the  rear  group  GR  in  the  direction  substantially 
perpendicular  to  the  optical  axis. 

The  front  group  GF  comprises,  in  the  following  order  from  the  object  side,  a  positive  lens  group  having 
a  positive  refractive  power,  and  a  negative  lens  group  having  a  negative  refractive  power,  and  attains  the 

5  focusing  operation  by  moving  the  negative  lens  group  along  the  optical  axis. 

[First  Embodiment] 

Fig.  1  is  a  view  showing  the  arrangement  of  an  optical  system  capable  of  correcting  an  image  position 
io  according  to  the  first  embodiment  of  the  present  invention. 

The  optical  system  shown  in  Fig.  1  comprises,  in  the  following  order  from  the  object  side:  a  front  group 
GF  including  a  positive  lens  group  consisting  of  a  positive  meniscus  lens  L1  with  a  convex  surface  facing 
the  object  side,  a  biconvex  lens,  a  biconcave  lens,  and  a  cemented  lens  of  a  negative  meniscus  lens  with  a 
convex  surface  facing  the  object  side  and  a  positive  meniscus  lens  with  a  convex  surface  facing  the  object 

is  side,  and  a  negative  lens  group  consisting  of  a  cemented  lens  of  a  plano-convex  lens  with  a  convex  surface 
facing  the  image  side  and  a  biconcave  lens,  and  a  cemented  lens  of  a  positive  meniscus  lens  with  a 
concave  surface  facing  the  object  side  and  a  biconcave  lens;  and  a  rear  group  GR  consisting  of  a  biconvex 
lens  L2,  a  negative  meniscus  lens  with  a  concave  surface  facing  the  object  side,  and  a  positive  meniscus 
lens  with  a  concave  surface  facing  the  object  side. 

20  Note  that,  at  the  image  side  of  the  rear  group  GR,  an  aperture  stop  S  is  arranged  near  the  rear  group 
GR,  and  a  detachable  filter  is  arranged  behind  the  stop  S. 

Fig.  1  shows  the  positions  of  the  lens  groups  in  an  infinity  focusing  state,  and  the  focusing  operation  for 
a  close-distance  object  is  attained  by  moving  the  negative  lens  group  in  the  front  group  GF  toward  the 
image  side.  On  the  other  hand,  the  rear  group  GR  is  appropriately  moved  by  a  driving  actuator  (not  shown) 

25  as  a  displacement  means,  in  the  direction  substantially  perpendicular  to  the  optical  axis,  thereby  correcting 
a  fluctuation  of  an  image  position  caused  by  a  vibration  of  the  optical  system. 

Table  1  below  summarizes  the  data  values  of  the  first  embodiment  of  the  present  invention.  In  Table  1, 
FT  is  the  focal  length  in  the  infinity  focusing  state,  and  FN0  is  the  f-number  in  the  infinity  focusing  state. 
Furthermore,  numerals  in  the  leftmost  column  represent  the  order  of  lens  surfaces  from  the  object  side,  r  is 

30  the  radius  of  curvature  of  each  lens  surface,  d  is  the  lens  surface  interval,  n  and  v  are  respectively  the 
refractive  index  and  Abbe's  number  for  the  d-line  (X  =  587.6  nm),  and  <f>  is  the  effective  diameter  of  each 
lens  surface  in  the  rear  group  GR. 
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T a b l e   1 

FT  =  2 9 4  

FN0  =  4 . 5  

r  d  v  n  <p 

1  7 0 . 6 4 7 6   8 . 8 0 0   6 5 . 7 7   1 . 4 6 4 5 0  

2  8 2 3 . 9 5 3 5   0 . 1 0 0  

3  8 1 . 1 3 2 8   9 . 8 0 0   8 2 . 5 2   1 . 4 9 7 8 2  

4  - 2 6 5 . 3 9 4 7   2 . 1 0 0  

5  - 2 3 2 . 0 7 7 4   3 . 1 0 0   3 5 . 1 9   1 . 7 4 9 5 0  

6  3 3 5 . 5 0 1 7   1 7 . 7 0 0  

7  5 7 . 0 0 0 5   2 . 4 0 0   5 3 . 7 2   1 . 6 9 3 5 0  

8  2 6 . 0 2 1 4   1 1 . 2 0 0   8 2 . 5 2   1 . 4 9 7 8 2  

9  1 0 4 . 3 7 6 8   ( d 9 = v a r i a b l e )  

10  oo  3 . 5 0 0   3 1 . 6 2   1 . 7 5 6 9 2  

11  - 5 7 . 4 5 2 9   1 . 5 0 0   6 0 . 0 3   1 . 6 4 0 0 0  

12  4 0 . 2 8 3 0   4 . 9 0 0  

13  - 1 3 4 6 . 3 9 1 2   3 . 2 0 0   4 5 . 8 7   1 . 5 4 8 1 4  

14  - 5 2 . 6 0 9 3   1 . 5 0 0   5 2 . 3 0   1 . 7 4 8 1 0  

15  1 4 3 . 8 2 9 9   (  d l 5 = v a r i a b l e   ) 

16  1 4 4 . 3 0 3 7   4 . 0 0 0   6 5 . 7 7   1 . 4 6 4 5 0   2 7 . 6 0  

17  - 5 9 . 8 8 8 2   1 . 8 0 0   2 7 . 4 0  

18  - 4 4 . 1 0 3 9   5 . 5 0 0   2 5 . 5 0   1 . 8 0 4 5 8   2 7 . 0 0  

19  - 2 0 1 . 3 0 2 2   4 . 8 0 0   2 7 . 8 0  

20  - 7 9 1 . 2 9 0 6   3 . 5 0 0   2 7 . 8 3   1 . 6 9 9 1 1   2 8 . 2 0  

21  - 5 7 . 5 7 9 3   1 0 . 0 0 0   2 8 . 4 0  

22  oo  2 3 . 0 0 0  

23  oo  2 . 0 0 0   6 4 . 1 0   1 . 5 1 6 8 0  

24  oo  8 3 . 9 5 8 9  

50 
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[ V a r i a b l e   I n t e r v a l   Upon  F o c u s i n g )  

I n f i n i t y   C l o s e s t   D i s t a n c e   (2  m) 

d9  1 1 . 0 6 5 9 5   1 7 . 5 9 1 6 7  

dl5   1 0 . 5 2 5 1 9   3 . 9 9 9 4 7  

[ C o n d i t i o n   C o r r e s p o n d i n g   V a l u e s )  

F  =  2 9 4 . 0  

f l   =  1 6 5 . 7  

r l   =  7 0 . 6 4 7 6  

r2  =  8 2 3 . 9 5 3 5  

Rl  =  1 4 4 . 3 0 3 7  

R2  =  - 5 9 . 8 8 8 2  

4>a  =  2 7 . 7 3  

(1)  nl  =  1 . 4 6 5  

(2)  vl  =  6 5 . 7 7  

(3)  | f l | / F   =  0 . 5 6 4  

(4)  q  =  1 . 1 8 8  

(5)  Q  =  - 0 . 4 1 3  

(6)  o>a/F  =  0 . 0 9 4  

( Image  p o s i t i o n   C o r r e c t i o n   D a t a )  

I n f i n i t y   C l o s e s t - d i s t a n c e  

F o c u s i n g   S t a t e   F o c u s i n g   S t a t e  

Image  P o s i t i o n  

C o r r e c t i o n  
1.0  mm  (maximum)  1  .  0  mm  (maximum) 

D i s p l a c e m e n t  
A m o u n t  

C o r r e s p o n d i n g  
+1.0  mm  +1.0  mm 

Image  M o v i n g  
(maximum)  (maximum) 

A m o u n t  

Note  t h a t   t he   p o s i t i v e   s i g n   of  the   image  moving  a m o u n t  

i n d i c a t e s   t h a t   the   image  moves  in  t he   same  d i r e c t i o n   a s  

t h e   d i s p l a c e m e n t   d i r e c t i o n   of  t h e   i m a g e   p o s i t i o n  

c o r r e c t i o n   l e n s   g r o u p .  
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Figs.  2A  to  2F  and  Figs.  3A  to  3F  are  graphs  showing  various  aberrations  in  the  infinity  focusing  state 
and  the  closest-distance  (2  m)  focusing  state.  In  these  graphs,  Y  is  the  image  height,  D  is  the  d-line  (X  = 
587.6  nm),  C  is  the  C-line  (X  =  656.3  nm),  F  is  the  F-line  (X  =  486.1  nm),  and  G  is  the  g-line  (X  =  435.6 
nm). 

5  In  each  graph  showing  astigmatism,  a  solid  curve  represents  the  sagittal  image  plane,  and  a  broken 
curve  represents  the  meridional  image  plane.  Also,  in  each  graph  showing  spherical  aberration,  a  broken 
curve  represents  the  sine  condition,  and  each  graph  showing  chromatic  aberration  of  magnification  is 
presented  with  reference  to  the  d-line. 

Furthermore,  each  graph  showing  transverse  aberration  under  image  position  correction  corresponds  to 
io  one  obtained  when  the  image  position  correction  displacement  amount  is  maximum,  i.e.,  1  mm. 

As  can  be  seen  from  these  graphs,  in  this  embodiment,  various  aberrations  are  satisfactorily  corrected 
in  addition  to  those  under  image  position  correction. 

[Second  Embodiment] 
15 

Fig.  4  is  a  view  showing  the  arrangement  of  an  optical  system  capable  of  correcting  an  image  position 
according  to  the  second  embodiment  of  the  present  invention. 

The  optical  system  shown  in  Fig.  4  comprises,  in  the  following  order  from  the  object  side:  a  front  group 
GF  including  a  positive  lens  group  consisting  of  a  positive  meniscus  lens  L1  with  a  convex  surface  facing 

20  the  object  side,  a  biconvex  lens,  a  biconcave  lens,  and  a  cemented  lens  of  a  negative  meniscus  lens  with  a 
convex  surface  facing  the  object  side  and  a  positive  meniscus  lens  with  a  convex  surface  facing  the  object 
side,  and  a  negative  lens  group  consisting  of  a  cemented  lens  of  a  positive  meniscus  lens  with  a  concave 
surface  facing  the  object  side  and  a  biconcave  lens,  and  a  biconcave  lens;  and  a  rear  group  GR  consisting 
of  a  biconvex  lens  L2,  a  negative  meniscus  lens  with  a  concave  surface  facing  the  object  side,  and  a 

25  biconvex  lens. 
Note  that,  at  the  image  side  of  the  rear  group  GR,  an  aperture  stop  S  is  arranged  near  the  rear  group 

GR.  Also,  a  filter  (not  shown)  using  a  detachable  metal  member  is  arranged  at  the  object  side  of  the  front 
group  GF. 

Fig.  4  shows  the  positions  of  the  lens  groups  in  an  infinity  focusing  state,  and  the  focusing  operation  for 
30  a  close-distance  object  is  attained  by  moving  the  negative  lens  group  in  the  front  group  GF  toward  the 

image  side.  On  the  other  hand,  the  rear  group  GR  is  appropriately  moved  by  a  driving  actuator  (not  shown) 
as  a  displacement  means,  in  the  direction  substantially  perpendicular  to  the  optical  axis,  thereby  correcting 
a  fluctuation  of  an  image  position  caused  by  a  vibration  of  the  optical  system. 

Table  2  below  summarizes  the  data  values  of  the  first  embodiment  of  the  present  invention.  In  Table  2, 
35  FT  is  the  focal  length  in  the  infinity  focusing  state,  and  FN0  is  the  f-number  in  the  infinity  focusing  state. 

Furthermore,  numerals  in  the  leftmost  column  represent  the  order  of  lens  surfaces  from  the  object  side,  r  is 
the  radius  of  curvature  of  each  lens  surface,  d  is  the  lens  surface  interval,  n  and  v  are  respectively  the 
refractive  index  and  Abbe's  number  for  the  d-line  (X  =  587.6  nm),  and  <f>  is  the  effective  diameter  of  each 
lens  surface  in  the  rear  group  GR. 
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T a b l e   2 

FT  =  2 9 4  

FN0  =  4 . 0  

r  d  v  n  <j) 

1  9 6 . 1 5 2 1   9 . 0 0 0   6 9 . 9 8   1 . 5 1 8 6 0  

2  2 1 9 2 . 0 9 1 0   1 . 8 0 0  

3  1 0 0 . 6 1 6 3   1 0 . 0 0 0   8 2 . 5 2   1 . 4 9 7 8 2  

4  - 4 0 1 . 9 3 5 5   5 . 4 0 0  

5  - 2 9 0 . 6 5 9 9   4 . 0 0 0   3 1 . 6 2   1 . 7 5 6 9 2  

6  3 8 5 . 4 5 0 5   3 5 . 6 0 0  

7  7 5 . 9 1 8 2   1 . 9 0 0   6 0 . 0 3   1 . 6 4 0 0 0  

8  2 9 . 0 4 1 1   1 0 . 0 0 0   8 2 . 5 2   1 . 4 9 7 8 2  

9  1 8 1 . 9 6 7 5   ( d 9 = v a r i a b l e )  

10  - 4 7 4 . 9 8 9 7   4 . 7 0 0   3 1 . 6 2   1 . 7 5 6 9 2  

11  - 5 7 . 5 9 2 6   2 . 5 0 0   6 0 . 0 3   1 . 6 4 0 0 0  

12  6 5 . 5 8 0 7   2 . 2 0 0  

13  - 1 4 6 0 . 4 3 3 4   2 . 5 0 0   5 2 . 3 0   1 . 7 4 8 1 0  

14  7 6 . 1 3 8 2   ( d l 4 = v a r i a b l e   ) 

15  1 8 0 . 9 3 0 6   4 . 5 0 0   6 5 . 7 7   1 . 4 6 4 5 0   3 2 . 0 0  

16  - 5 6 . 3 6 5 2   0 . 5 4 8   3 2 . 0 0  

17  - 4 5 . 6 8 3 2   6 . 0 0 0   2 5 . 5 0   1 . 8 0 4 5 8   3 1 . 5 0  

18  - 2 6 8 . 6 9 8 1   4 . 3 0 0   3 2 . 5 0  

19  1 5 4 6 . 8 4 6 9   4 . 0 0 0   2 7 . 6 1   1 . 7 5 5 2 0   3 3 . 0 0  

20  - 6 6 . 6 4 4 5   1 0 . 8 0 0   3 3 . 0 0  

21  oo  1 0 9 . 4 6 5  

( V a r i a b l e   I n t e r v a l   Upon  F o c u s i n g )  

I n f i n i t y   C l o s e s t   D i s t a n c e  

( 2 . 5   m) 

d9  4 . 5 1 6 0 4   1 1 . 9 2 3 4 2  

d l4   1 1 . 6 7 8 4 3   4 . 2 7 1 0 5  



EP  0  674  205  A1 

( C o n d i t i o n   C o r r e s p o n d i n g   V a l u e s )  

F  =  2 9 4 . 0  

f l   =  1 9 3 . 6  

r l   =  9 6 . 1 5 2 1  

r2  =  2 1 9 2 . 0 9 1  

Rl  =  1 8 0 . 9 3 0 6  

R2  =  - 5 6 . 3 6 5 2  

4>a  =  3 2 . 3 3  

(1)  nl   =  1 . 5 1 9  

(2)  vl  =  6 9 . 9 8  

(3)  | f l | / F   =  0 . 6 5 9  

(4)  q  =  1 . 0 9 2  

(5)  Q  =  - 0 . 5 2 5  

(6)  4>a/F  =  0 . 1 1 0  

( I m a g e   p o s i t i o n   C o r r e c t i o n   D a t a )  

I n f i n i t y   C l o s e s t - d i s t a n c e  

F o c u s i n g   S t a t e   F o c u s i n g   S t a t e  

Image   P o s i t i o n  

C o r r e c t i o n  
1  .  0  mm  (  maximum  )  1 .0   mm  (  maximum  ) 

D i s p l a c e m e n t  

A m o u n t  

C o r r e s p o n d i n g  
+1  .  0  mm  +1  .  0  mm 

Image   M o v i n g  
(maximum)  ( m a x i m u m )  

A m o u n t  

No te   t h a t   t h e   p o s i t i v e   s i g n   of  t h e   i m a g e   m o v i n g   a m o u n t  

i n d i c a t e s   t h a t   t h e   i m a g e   moves   in  t h e   same  d i r e c t i o n   a s  

t h e   d i s p l a c e m e n t   d i r e c t i o n   of  t h e   i m a g e   p o s i t i o n  

c o r r e c t i o n   l e n s   g r o u p .  

Figs.  5A  to  5F  and  Figs.  6A  to  6F  are  graphs  showing  various  aberrations  in  the  infinity  focusing  state 
and  the  closest-distance  (2.5  m)  focusing  state.  In  these  graphs,  Y  is  the  image  height,  D  is  the  d-line  (X  = 
587.6  nm),  C  is  the  C-line  (X  =  656.3  nm),  F  is  the  F-line  (X  =  486.1  nm),  and  G  is  the  g-line  (X  =  435.6 
nm). 

In  each  graph  showing  astigmatism,  a  solid  curve  represents  the  sagittal  image  plane,  and  a  broken 
curve  represents  the  meridional  image  plane.  Also,  in  each  graph  showing  spherical  aberration,  a  broken 
curve  represents  the  sine  condition,  and  each  graph  showing  chromatic  aberration  of  magnification  is 
presented  with  reference  to  the  d-line. 
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50 

Furthermore,  each  graph  showing  transverse  aberration  under  image  position  correction  corresponds  to 
one  obtained  when  the  image  position  correction  displacement  amount  is  maximum,  i.e.,  1  mm. 

As  can  be  seen  from  these  graphs,  in  this  embodiment,  various  aberrations  are  satisfactorily  corrected 
in  addition  to  those  under  image  position  correction. 

[Third  Embodiment] 

Fig.  7  is  a  view  showing  the  arrangement  of  an  optical  system  capable  of  correcting  an  image  position 
according  to  the  third  embodiment  of  the  present  invention. 

io  The  optical  system  shown  in  Fig.  7  comprises,  in  the  following  order  from  the  object  side:  a  front  group 
GF  including  a  positive  lens  group  consisting  of  a  positive  meniscus  lens  L1  with  a  convex  surface  facing 
the  object  side,  a  biconvex  lens,  a  biconcave  lens,  and  a  cemented  lens  of  a  negative  meniscus  lens  with  a 
convex  surface  facing  the  object  side  and  a  positive  meniscus  lens  with  a  convex  surface  facing  the  object 
side,  and  a  negative  lens  group  consisting  of  a  cemented  lens  of  a  biconvex  lens  and  a  biconcave  lens,  and 

is  a  biconcave  lens;  and  a  rear  group  GR  consisting  of  a  biconvex  lens  L2,  a  negative  meniscus  lens  with  a 
concave  surface  facing  the  object  side,  and  a  positive  meniscus  lens  with  a  concave  surface  facing  the 
object  side. 

Note  that,  at  the  image  side  of  the  rear  group  GR,  an  aperture  stop  S  is  arranged  near  the  rear  group 
GR,  and  a  detachable  filter  is  arranged  behind  the  stop  S. 

20  Fig.  7  shows  the  positions  of  the  lens  groups  in  an  infinity  focusing  state,  and  the  focusing  operation  for 
a  close-distance  object  is  attained  by  moving  the  negative  lens  group  in  the  front  group  GF  toward  the 
image  side.  On  the  other  hand,  the  rear  group  GR  is  appropriately  moved  by  a  driving  actuator  (not  shown) 
as  a  displacement  means,  in  the  direction  substantially  perpendicular  to  the  optical  axis,  thereby  correcting 
a  fluctuation  of  an  image  position  caused  by  a  vibration  of  the  optical  system. 

25  Table  3  below  summarizes  the  data  values  of  the  third  embodiment  of  the  present  invention.  In  Table  3, 
FT  is  the  focal  length  in  the  infinity  focusing  state,  and  FN0  is  the  f-number  in  the  infinity  focusing  state. 
Furthermore,  numerals  in  the  leftmost  column  represent  the  order  of  lens  surfaces  from  the  object  side,  r  is 
the  radius  of  curvature  of  each  lens  surface,  d  is  the  lens  surface  interval,  n  and  v  are  respectively  the 
refractive  index  and  Abbe's  number  for  the  d-line  (X  =  587.6  nm),  and  <f>  is  the  effective  diameter  of  each 

30  lens  surface  in  the  rear  group  GR. 
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T a b l e   3 

FT  =  3 0 0  
5 

Fno  =  4 . 0  

r  d  v  n  4» 
10  1  1 0 0 . 0 8 1 6   8 . 2 0 0   6 5 . 7 7   1 . 4 6 4 5 0  

2  1 2 9 2 5 . 7 0 0 0   0 . 1 0 0  

3  8 8 . 4 3 9 6   1 0 . 7 0 0   8 2 . 5 2   1 . 4 9 7 8 2  

15  4  - 3 7 5 . 6 0 2 7   3 . 5 0 0  

5  - 3 1 4 . 3 0 2 2   4 . 3 0 0   3 1 . 6 2   1 . 7 5 6 9 2  

6  3 7 6 . 0 7 5 9   2 9 . 5 0 0  

20  7  1 1 7 . 6 6 0 3   2 . 0 0 0   6 0 . 0 3   1 . 6 4 0 0 0  

8  3 3 . 3 9 0 1   1 0 . 0 0 0   8 2 . 5 2   1 . 4 9 7 8 2  

9  3 4 9 . 1 7 0 4   ( d 9 = v a r i a b l e )  

25  10  2 4 1 . 3 7 4 5   6 . 0 0 0   3 1 . 6 2   1 . 7 5 6 9 2  

11  - 5 9 . 9 4 6 3   1 . 8 0 0   6 7 . 8 7   1 . 5 9 3 1 9  

12  1 0 1 . 3 2 1 9   4 . 1 0 0  

30  13  - 1 4 6 . 0 5 4 9   1 . 8 0 0   4 3 . 3 5   1 . 8 4 0 4 2  

14  6 2 . 0 5 3 2   ( d l 4 = v a r i a b l e   ) 

15  2 2 3 . 5 4 9 5   5 . 0 0 0   6 9 . 9 8   1 . 5 1 8 6 0   3 1 . 4 0  

16  - 6 0 . 3 0 7 3   1 . 6 0 0   3 1 . 4 0  

17  - 4 3 . 2 3 1 5   5 . 5 0 0   2 5 . 5 0   1 . 8 0 4 5 8   3 1 . 0 0  

18  - 3 2 5 . 5 0 6 2   4 . 4 0 0   3 2 . 2 0  

19  - 2 9 6 7 . 4 9 3 8   4 . 5 0 0   2 8 . 1 9   1 . 7 4 0 0 0   3 3 . 0 0  
40 

20  - 5 6 . 5 3 3 1   1 0 . 0 0 0   3 3 . 2 0  

21  oo  2 3 . 7 0 0  

22  oo  2 . 0 0 0   6 4 . 1 0   1 . 5 1 6 8 0  
45 

23  oo  8 8 . 7 6 9  

50 

55 
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( V a r i a b l e   I n t e r v a l   Upon  F o c u s i n g )  

I n f i n i t y   C l o s e s t   D i s t a n c e  

(2.5  m) 

d9  9 .46857  1 7 . 8 4 8 3 5  

dl5  12 .09228   3 . 7 1 2 5 0  

( C o n d i t i o n   C o r r e s p o n d i n g   V a l u e s )  
F  =  3 0 0 . 2  
fl  =  2 1 7 . 1  

r l   =  1 0 0 . 0 8 1 6  
r2  =  1 2 9 2 5 . 7  

Rl  =  2 2 3 . 5 4 9 5  

R2  =  - 6 0 . 3 0 7 3  

4>a  =  3 2 . 0 3  

(1)  nl  =  1 . 4 6 5  

(2)  vl  =  6 5 . 7 7  

(3)  | f l | / F   =  0 . 7 2 3  

(4)  q  =  1 . 0 1 6  

(5)  Q  =  - 0 . 5 7 5  

(6)  <t>a/F  =  0 . 1 0 7  

(Image  p o s i t i o n   C o r r e c t i o n   D a t a )  

I n f i n i t y   C l o s e s t - d i s t a n c e  

F o c u s i n g   S t a t e   F o c u s i n g   S t a t e  

Image  P o s i t i o n  
C o r r e c t i o n  

1  .  0  mm  (maximum)  1  .  0  mm  (maximum) 
D i s p l a c e m e n t  
Amount  

C o r r e s p o n d i n g  
+  1  .  0  mm  +1  .  0  mm 

Image  Mov ing  
(maximum)  (maximum) 

Amount  

Note  t h a t   the  p o s i t i v e   s ign   of  the  image  moving  a m o u n t  

i n d i c a t e s   t h a t   the  image  moves  in  the  same  d i r e c t i o n   a s  

13 
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t h e   d i s p l a c e m e n t   d i r e c t i o n   of  t h e   i m a g e   p o s i t i o n  

c o r r e c t i o n   l e n s   g r o u p .  5 

Figs.  8A  to  8F  and  Figs.  9A  to  9F  are  graphs  showing  various  aberrations  in  the  infinity  focusing  state 
and  the  closest-distance  (2.5  m)  focusing  state.  In  these  graphs,  Y  is  the  image  height,  D  is  the  d-line  (X  = 
587.6  nm),  C  is  the  C-line  (X  =  656.3  nm),  F  is  the  F-line  (X  =  486.1  nm),  and  G  is  the  g-line  (X  =  435.6 

io  nm). 
In  each  graph  showing  astigmatism,  a  solid  curve  represents  the  sagittal  image  plane,  and  a  broken 

curve  represents  the  meridional  image  plane.  Also,  in  each  graph  showing  spherical  aberration,  a  broken 
curve  represents  the  sine  condition,  and  each  graph  showing  chromatic  aberration  of  magnification  is 
presented  with  reference  to  the  d-line. 

is  Furthermore,  each  graph  showing  transverse  aberration  under  image  position  correction  corresponds  to 
one  obtained  when  the  image  position  correction  displacement  amount  is  maximum,  i.e.,  1  mm. 

As  can  be  seen  from  these  graphs,  in  this  embodiment,  various  aberrations  are  satisfactorily  corrected 
in  addition  to  those  under  image  position  correction. 

In  each  of  the  above  embodiments,  the  aperture  stop  is  arranged  at  the  image  side  of  the  rear  group 
20  GR.  Alternatively,  the  aperture  stop  may  be  arranged  at  a  nearby  position  on  the  object  side  of  the  rear 

group  GR. 
In  each  of  the  above  embodiments,  an  image  position  correction  of  1  mm  is  performed  on  the  image 

plane.  However,  it  is  possible  to  perform  image  position  correction  of  more  than  or  less  than  1  mm,  as  a 
matter  of  course. 

25  When  the  optical  system  capable  of  correcting  an  image  position  in  each  of  the  above  embodiments  is 
used  in  an  anti-vibration  optical  system  for  correcting  the  variation  of  an  image  position  caused  by  a  camera 
shake  or  a  vibration  of  a  vehicle  (i.e.,  caused  by  a  vibration  of  an  optical  system),  a  driving  mechanism  and 
a  sensor  described  in,  e.g.,  U.S.  Patent  Application  No.  08/129,580  (September  30,  1993  filed)  are  used  as 
a  driving  mechanism  for  performing  image  position  correction  and  a  sensor  for  detecting  the  vibration  of  the 

30  optical  system.  The  present  invention  quotes  the  above  U.S.  Patent  Application. 
As  described  above,  according  to  each  of  the  above  embodiments,  an  optical  member,  closest  to  the 

object  side,  in  an  optical  system  adopts  an  optical  glass  material  which  has  high  durability  and  is 
advantageous  in  aberration  correction.  Therefore,  the  optical  system  is  not  easily  damaged  in  use,  and  can 
be  easily  handled. 

35  When  the  optical  member,  closest  to  the  object  side,  in  the  optical  system  is  used  as  a  lens  and 
protective  glass,  the  weight  of  the  optical  system  can  be  reduced. 

Claims 

40  1.  An  optical  system  capable  of  correcting  an  image  position,  comprising,  in  the  following  order  from  the 
object  side,  a  front  group  (GF)  which  is  fixed  in  position  in  a  direction  substantially  perpendicular  to  an 
optical  axis,  and  a  rear  group  (GR)  which  has  a  positive  refractive  power  and  is  movable  in  the  direction 
substantially  perpendicular  to  the  optical  axis, 

wherein  said  optical  system  satisfies: 
45 

1.45  <  n1  <  1.64 
62<p-\  <  78 

where  n1  is  the  refractive  index  of  an  optical  member  (L1),  located  at  a  position  closest  to  the  object 
50  side,  of  optical  members  constituting  said  front  group  (GF),  and  ?1  is  the  Abbe's  number  of  said  optical 

member  (L1). 

2.  An  optical  system  according  to  claim  1,  wherein  said  optical  member  (L1)  located  at  the  position 
closest  to  the  object  side  in  said  front  group  (GF)  comprises  a  lens, 

55  said  lens  (L1)  satisfies: 

0.2  <  [f  1  |/F  <  2 

14 
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where  f1  is  the  focal  length  of  said  lens  (L1)  and  F  is  the  focal  length  of  said  optical  system, 
a  shape  factor  q  of  said  lens  (L1)  is  expressed  by: 

(r2  +  r1)/(r2  -  r1)  =  q 
5 

where  r1  is  the  radius  of  curvature  of  a  surface,  at  the  object  side,  of  said  lens  (L1),  and  r2  is  the  radius 
of  curvature  of  a  surface,  at  the  image  side,  of  said  lens  (L1),  and 

the  shape  factor  q  satisfies: 

70  -1  <  q  <  3 

3.  An  optical  system  according  to  claim  1,  wherein  said  rear  group  (GR)  comprises  at  least  one  positive 
lens  and  at  least  one  negative  lens. 

75 
4.  An  optical  system  according  to  claim  1  ,  wherein  a  shape  factor  q  of  a  lens  (L2)  located  at  a  position 

closest  to  the  object  side  in  said  rear  group  (GR)  is  expressed  by: 

(R2  +  R1)/(R2  -  R1)  =  q 
20 

where  R1  is  the  radius  of  curvature  of  a  surface,  at  the  object  side,  of  said  lens  (L2),  and  R2  is  the 
radius  of  curvature  of  a  surface,  at  the  image  side,  of  said  lens  (L2),  and 

the  shape  factor  q  satisfies: 

25  -2  <  q  <  1 

5.  An  optical  system  according  to  claim  1,  wherein  said  rear  group  (GR)  satisfies: 

30  0.05  <  4>a/F  <  0.15 

where  <£a  is  the  average  value  of  effective  diameters  of  lens  surfaces  of  lenses  constituting  said  rear 
group  (GR),  and  F  is  the  focal  length  of  said  optical  system. 

35  6.  An  optical  system  according  to  claim  1,  wherein  said  front  group  (GF)  comprises,  in  the  following  order 
from  the  object  side,  a  positive  lens  group  having  a  positive  refractive  power,  and  a  negative  lens  group 
having  a  negative  refractive  power,  and 

said  negative  lens  group  is  movable  along  the  optical  axis. 

40  7.  An  optical  system  according  to  claim  1,  wherein  said  rear  group  (GR)  moves  in  the  direction 
substantially  perpendicular  to  the  optical  axis  to  correct  a  variation  of  an  image  position  caused  by  a 
vibration  of  said  optical  system. 

8.  An  optical  system  according  to  claim  1,  wherein  an  aperture  stop  (S)  is  arranged  in  an  optical  path 
45  between  an  imaging  position  by  said  optical  system  and  said  front  group  (GF). 
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